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2pulses. The photons belonging to a pair are separated
and two photons from dierent sources are superposed









the creation operator of the two input (output) modes
respectively. Unitarity implies that the phase dierence


























Suppose that we have one photon in each input mode,















































We thus nd that for a 50-50 beam splitter, the two prob-
ability amplitudes corresponding to both photons trans-
mitted and both photons reected { i.e to both photons
in dierent output ports { cancel out and the coincidence
rate drops to zero. This description is valid of course only
if the photons become completely indistinguishable after
the beam splitter. If we delay the photon from one source
with respect to the other one, we loose temporal indistin-
guishability, and the destructive interference diminishes.











In the case of two PDC sources, there are dierent possi-
bilities to create 2 photon pairs at the same time: either
one creates one pair in each source, or two pairs in one
source and none in the other one. As already said, in
order to ensure temporal indistinguishability, the coher-
ence time of the down-converted photons must be larger
than the duration of the pump pulses. This implies that
the pairs created within the same laser pulse and crys-
tal are subject to stimulated emission [18]. If P
i
(I) is
the probability of creating a pair per pulse with a pump
intensity I in source i, then the probability of creating




(I) [19]. The probability of simultaneously creating









(I) the 4-photons state can then be written














































means that we have n pho-
tons in source 1 and m photons in source 2 created in the
PDC mode A. It is important to notice that, due to stim-
ulated emission, the amplitudes of each of the 3 terms are
the same. This means that, the probability of creating
4 photons per pulse in a specic source is the same as
the probability of creating simultaneously 2 photons in
source 1 and 2 photons in source 2.
If there is no interference, the photons arriving at the
beam splitter will split in half of the cases. The proba-































= P is the probability of creating one
pair per pulse per source. The rst two terms represent
the creation of four photon in either source, the last term
the creation of one pair per source. Inside the dip (id),
the contribution of the events where one pair per source






































The maximum theoretical visibility is thus V=33%, be-
cause, in this case, we cannot discard the events where
both photon pairs are created in the same crystal. How-
ever if we detect the two remaining photons as well
(4-photons coincidences), we post-select only the events
where we create one photon pair per crystal. Therefore
the maximum theoretical visibility is V=100 %. Obvi-
ously, this is valid only if we can neglect the probability
of creating three pairs at the same time, two in one source
and one in the other one. In the case where 3 photons
arrive on the beam splitter (2 in one input mode and 1
in the other), the probability that a spurious coincidence
occurs is indeed 50%, which will thus reduce the maximal
visibility.
III. EXPERIMENTAL SETUP
The experimental setup is shown in gure 1. The
pump laser is a Ti-Sapphire mode-locked laser (Coher-
ent Mira), operating at a wavelength of 710 nm and
generating femto-second pulses with 4.5 nm bandwidth
(FWHM). The pump beam is split by a beam splitter
(BS 1), and the two output modes are used to pump two
10 mmLithium Triborate(LBO) non linear crystals. The
average pump power is P
pump
 40 mW per crystal. In
each crystal, non-degenerate collinear photons pairs at
telecom wavelength (1310 nm/1550 nm) are produced by
type I parametric down conversion. The photons are then
coupled into a standard optical ber and separated using
a wavelength division multiplexer (WDM). The 1310 nm
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4We obtain a net visibility of V = (28  2)% for the
3-fold coincidences, which is close to the theoretical
visibility of 33%. The FWHM of the gaussian t is of
144  15m. This is slightly smaller than the expected





for 10nm IF at 1310 nm). When tting the 5-fold
coincidence curve, we obtain a raw visibility (i.e without
subtracting accidental coincidences) of (77  2:5)%.
When subtracting accidental coincidences, it increases to
(842:5)%. The FWHM of the gaussian t (22225m)
is larger than for the 3-fold curve. This can be qualita-
tively understood by the fact that the 10 nm IF at 1550
nm reduces the bandwidth of the 1310 twin photons to
 7 nm by energy conservation.
Various reasons could explain the dierence between the
theoretical and experimental visibilities. A rst reason
is the probability of detecting events where 3 pairs
are created simultaneously. As mentioned previously,
the probability of creating a pair per pulse is around
7%. This means that the probability of creating 3
pairs knowing that there are 1 pair in each source is
of the same order. As those events induce spurious
coincidences, the maximal visibility will be reduced
accordingly to 93%. Furthermore, even in the events
where we have one photon per input mode, some reasons
might induce distinguishability between the photons,
and thus diminish the visibility of the dip. A slight
dierence in the polarization of the two photons when
arriving at the beamsplitter could for instance result in
a which-path information. Moreover, there might be
remaining temporal distinguishability due to relatively
large (10 nm) ltering of the downconverted photons
(compared to the pump bandwidth). Finally, dierent
phase-matching conditions in the two crystals could
result in photon pairs with dierent spectra. Those
dierence might not be completely cancelled with the 10
nm interference lters.
V. CONCLUSION
We observed quantum interference with photon pairs
at telecommunication wavelengths created by parametric
down conversion in spatially separated sources. Two pho-
tons, one from each source were mixed on a beam split-
ter. When recording 2 photon coincidences and varying
the temporal overlap between the two photons, we ob-
served a Mandel-type dip with visibility of (28  2)%.
This is close to the maximum visibility of 33%, limited
by the impossibility to discard the events where 2 pairs
are created in the same crystal. Recording 4 photon co-
incidences and thus post-selecting only events where one
pair is created in each source, we obtained a net visibility
of (842:5)%, close to the theoretical value. This exper-
iment constitutes a rst step towards the realization of
quantum teleportation and entanglement swapping with
completely independent sources. However, this will also
require the use of two independent pump lasers, present-
ing a signicant experimental challenge.
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